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  
Abstract—In today’s era, an efficient supply chain 
management can be achieved through performance 
management. However, achieving green supply chain involves 
a complex problem of measuring multiple subjective 
performance of decision-making. These performance 
evaluations associated with decision-making can be 
unpredictable, vague and inadequate making it difficult to 
study comparative performances of alternative supply chains. 
This requires building a robust conceptual framework to 
benchmark alternative green supply chains based on their 
performance. This study explores the Triangular Fuzzy 
Number (TFN) set coupled with Reference Point Approach 
(RPA) method in order to rank and benchmark the 
performance of preferred green alternative among various 
available alternative industries. The methodology used in this 
study is verified for its validity, effectiveness, and feasibility 
using empirical model.  
 
Index Terms—Green supply chain management (GSCM); 
Benchmarking; Triangular Fuzzy Number (TFN); Reference 
Point Approach (RPA). 
 
I. INTRODUCTION 
N recent years, green productivity is becoming popular 
among industries because it enables improving 
environmental footprint in addition to increasing production 
rate, which ultimately helps enhance socio-economic growth 
[1-2]. In the current supply chain activities, the 
environmental management concept includes boundary-
spanning activities. With the growing trend of globalisation, 
the inclusion of green concept in supply chain management 
is drawing interest of researchers and practitioners. The 
green concept includes both upstream and downstream 
activities, and is known as green supply chain management 
(GSCM). According to Srivastava [3], GSCM integrates 
environmental concept into supply chain management 
throughout the product’s life cycle from designing product, 
raw material selection, production, delivery of the product 
to final disposal after use. 
The quantitative analysis of products/services and their 
production processes becomes necessary to understand and 
improve organizations performance, which can be achieved 
by using tools of performance measures. Different indices 
of performance measures are required to be identified in 
order to estimate organization’s green performance.  
Benchmarking is benchmarking is a process of measuring 
and comparing to assessing the alternative under the same 
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circumferences [Sources: http://en.Benchmarking]. 
 
II. FUZZY LOGIC 
In order to deal with problems associated with vague 
sources, Zadeh [4] introduced fuzzy set theory, which helps 
to estimate situations involving fuzzy criteria and 
phenomenon. Multi-criteria/measure/indices decision-
making (MCDM) is a well established method used for 
evaluating the best alternative/choice/option among a set of 
alternatives when working under an ambiguous 
environment. MCDM enables decision makers to resolve 
the problems where they are provided with alternative 
solutions and they have to structure, solve and decide on the 
best alternative using multiple criteria. Since, there is no one 
unique solution, decision makers have to use preferences 
based on weights to choose the optimal solution. 
In many cases, the opinions of decision makers are 
presented in linguistic terms without any tangible number. 
Hence, in such cases several researchers have proposed 
integration of fuzzy theory and MCDM method, also known 
as fuzzy MCDM methodology, which uses normal fuzzy 
numbers to solve real-life problems [5 – 11]. 
III. TRIANGULAR FUZZY OPERATORS 
The operational rules of the trapezoidal fuzzy numbers 
a~ and b~  for trapezoidal fuzzy numbers  321 ,,~ aaaa  and 
 321 ,,~ bbbb   can be shown as following: 
 
     321321 ,,,,~~ bbbaaaba   332211 ,, bababa                                 (1) 
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Fig. 1.  Green supply chain scenario 
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A. Decision-Making Problem Formulation 
In a group decision-making process,  qeeeE ...,,, 21 is 
the set of decision-makers;  mAAAA ...,,, 21 is the set of 
alternatives; and  nCCCC ...,,, 21 is the set of criteria-
attributes. 
The decision maker ke  gives the attribute values 
of  ijkijkijkijkijkijk waaaaa ;,,,~~ 4321 , where ijka~~ = a 
trapezoidal fuzzy number for the alternative iA with respect 
to the attribute jC , and the attribute weight given 
is  kjkjkjkjkjkj wwwww ;,,,~~ 4321 , where kjw~~ = a 
trapezoidal fuzzy number. The aggregated fuzzy rating of 
alternatives with respect to each criterion can be deﬁned as 
follows: 
 
 ijijijij cbax ,,               (5) 
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The aggregated fuzzy weight of each criterion can be 
defined as: 
 321 ,, jjjj wwww                                (6) 
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B. Weighted Decision-Making Matrix: 
The matrix for weighted decision-making is constructed 
assuming   nmijvV  ~~~~ as the weighted matrix: 
jijij wxv
 ~~~~                     (7)
  
C. Scrip Extended MULTI-MOORA Method: 
Several researchers have used Multi-Objective 
Optimization by Ratio Analysis (MOORA) method and 
have extended it to make it more robust by including 
multiplicative form (MULTI-MOORA) [12 – 14]. MOORA 
method includes two parts, Ratio System and Reference 
Point Approach, and starts with matrix X where its 
elements ijx denote thi alternative 
of thj objective  njmi ,...,2,1;,...,2,1  . 
However, extended version of MOORA deals with three 
respective parts - Ratio System analysis, the Reference point 
approach and full Multification form. 
 
1)  Reference Point of MOORA 
Reference point approach uses the Ratio System, where 
the Maximal Objective Reference Point (vector) is found 
based on ratios computed by using Equation. 4. For 
maximization, the thj coordinate of the reference point can 
be defined as ( *max ijj xr  ). The coordinates of this vector 
represents maximum or minimum of certain objective. 
Every element of normalized response matrix is then 
recalculated, and based on the deviation from the reference 
point and the Min-Max Metric of Tchebycheff, the final 
mark is given: 
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2) Procedural steps of identifying ill performance 
criteria in module: 
Step 1: A committee of five decision-makers are formed. 
Step 2: Evaluation criteria of green manufacturing is 
identified (Table 1 and 2).  
 
 
 
 
  
Step 3: Appropriate linguistic variables for the 
importance weight and priority ratings against 
indices/criterions are chosen (Table 3). 
Step 3: DMs assigned the important weight jw
~
and 
appropriate ratings ijx~ (Table 4) in perceptive to evaluate 
and benchmarking the preferred candidate alternatives; the 
aggregation of fuzzy rating and important weights against 
jA alternatives under criterion jC ; solved by (Equations 5 
and 6)  
Step 4: Defuzzification conveyed in perceptive to ranking 
the initiatives; fruitfully explored (Equation 8) and depicted 
in (Table 5).  
Step 6: Low ranking of the alternatives; reflect best 
alternative; depicted in (Table 5 and Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE I 
GREEN SCM EVALUATION MODULE INDEX [15 – 16] 
Goal (C) Initiatives 
Green SCM 
evaluation model 
Green supplier evaluation criterion, C1 
Green manufacturing, C2 
Green strategy alternatives, C3 
Environmental, C4 
Customer environmental concert, C5 
Green marketing, C6 
 
 
TABLE II 
DEFINITIONS OF GREEN SUPPLY CHAIN PERFORMANCE 
CRITERIONS/INDICES 
Measures Definition References 
Green 
purchasing, 
C1 
Buying products that are 
sourced and/ or manufactured 
in an environmentally friendly 
way. 
Green Purchasing is the method 
wherein environmental and 
social considerations are taken 
with equal weight to the price, 
availability and performance 
criteria that colleges and 
universities use to make 
purchasing decisions. 
http://www.trinity.
edu/departments/p
urchasing/green%
20purchasing%20
definition.htm, 
www.tameside.go
v.uk/la21/glossary 
 Green 
marketing, 
C2 
Green marketing is marketing 
mode, which considers ecological 
aspects and requires an enterprise 
to meet demand from both 
consumer satisfaction and 
environmental protection 
perceptive. 
Huiyu and 
Weiwei (2010) 
Green 
Manufactur
ing 
/production
, C3 
 
Green manufacturing is the 
implementation of any kind of 
substitution in the manufacturing 
process, which leads to a 
reduction in energy consumption, 
resource consumption, waste by-
products, and water usage. Every 
step that makes the production of 
a product, component or part of a 
system more sustainable can be 
termed as Green Manufacturing 
http://green 
manufacturing.b
logspot.in 
Green 
design, C4 
Green Design is the product 
design that usually treats the 
environmental attributes as design 
objectives and not as constraints. 
It minimizes the harmful effects 
on human health as well as the 
environment. 
http://www.ask.
com/question/w
hat-is-the-
definition-of-
green-design 
Green 
packaging, 
C5 
Green packaging is defined as 
development and employment of 
packaging which results in 
improving the sustainability 
(ecological balance). 
http://en.wikipe
dia.org/wiki/Gre
en_packaging 
Green 
recycling, 
C6 
Green recycling may be defined 
as commercially successful and 
effective environmental 
protection solution in waste 
management on a large scale 
enough to make real impacts. 
http://www.gree
nrecycling.co.u
k/ 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IV. CONCLUSION 
In today’s globalization era, enterprises have paid more 
attention on green supply chain management by 
incorporating green concept into the traditional supply chain 
management along with the specified objectives of 
generating environmental value, firms’ green image and 
thereby satisfying consumers’ demands. In this study, 
Triangular Fuzzy Number (TFN) has been explored coupled 
with Reference Point Approach (RPA) methodology in 
order to rank and benchmark the performance of preferred 
candidate industries from among the alternative industries 
that are running under similar green supply chain 
architecture. 
Finally, an empirical study was carried out to show that 
the proposed methodology is effective, feasible and valid. 
The consequence has been shown in Figure 2.  
 
 
TABLE III 
DEFINITIONS OF LINGUISTIC VARIABLES FOR THE RATINGS AND 
PRIORITY IMPORTANCE OF EACH CRITERION/ INDICES: 
CORRESPONDING FUZZY REPRESENTATION 
Linguistics 
Variables Linguistic Variables 
Triangular Interval-
Valued Fuzzy 
Numbers 
Very Poor (VP) Very Low (VL) (0, 0, 0.167) 
Poor (P) Low (L) (0, 0.167, 0.333) 
Moderately Poor 
(MP) 
 
Medium Low (ML) (0.167, 0.333, 0.5) 
Fair (F) Medium (M) (0.333, 0.5, 0.668) 
Moderately Good 
(MG) Medium High (MH) (0.5, 0.668, 0.835) 
Good (G) High (H) (0.668, 0.835, 1) 
Very Good (VG) Very High (VH) (0.835, 1, 1) 
 
TABLE IV 
PRIORITY RATING AND IMPORTANT WEIGHTS (IN LINGUISTIC SCALE) 
AGAINST INDIVIDUAL INDICES ASSIGNED BY DMS FOR ALTERNATIVE 
INDUSTRY 
1st 
Level 
Indices 
Alternatives 
Priority Rating (in Linguistic Scale) for 
Indices assigned by DMs 
DM1 DM2 DM3 DM4 
 
DM5 
 
C1 
A1 
A2 
A3 
VG 
VG 
VG 
MG 
MG 
MG 
VG 
VG 
VG 
MG 
MG 
MG 
F 
F 
F 
C2 
A1 
A2 
A3 
VG 
VG 
VG 
MG 
MG 
MG 
F 
F 
F 
MP 
MP 
MP 
G 
G 
G 
C3 
A1 
A2 
A3 
G 
G 
G 
MG 
MG 
MG 
G 
G 
G 
MP 
MP 
MP 
G 
G 
G 
C4 
A1 
A2 
A3 
F 
F 
F 
MG 
MG 
MG 
F 
F 
F 
G 
G 
G 
G 
G 
G 
C5 
A1 
A2 
A3 
MG 
MG 
MG 
G 
G 
G 
VG 
VG 
VG 
VG 
VG 
VG 
VG 
VG 
VG 
C6 
A1 
A2 
A3 
F 
F 
F 
F 
F 
F 
VG 
VG 
VG 
MP 
MP 
MP 
G 
G 
G 
Ci Priority Important Weight (in Linguistic Scale) for Indices Assigned by DMs 
C1 ML M H MH VH 
C2 H H H H H 
C3 MH H M VH M 
C4 VH H VH M VH 
C5 M M H H H 
C6 H VH VH VH MH 
Fig. 2.  Ranking order pointed out by reference point approach in accordance 
with minimum value (higher rank).  
TABLE V 
RANKING ORDER COMPUTED BY REFERENCE POINT APPROACH 
Alternatives Maxj{d(βij,βj) Ranking Order 
A1 0.466 3 
A2 0.462   2 
A3 0.460   1 
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